We present medium-resolution spectroscopy and multicolor photometry for the opti- in a binary system (a failed luminous red nova) was chosen as the preferable one for this event.
INTRODUCTION
The optical transient PSN J09093496+3307204 was discovered in the galaxy NGC 2770 on Febru- ). In the spectrum taken on April 14, the H α emission, other Balmer lines, the distinct emissions Fe II in the range λ 4950-5400 Å and the Na I/He I blend were predominating. The H α line profile was asymmetric with a red-side wing extending up to ∼5000 km s −1 , and a steeper blue-side decline. But the P Cyg type profile in H α line was already not observable.
On May 16, 2016 , de Ugarto Postigo et al. (2015b informed about a sharp increase of the transient brightness by 2 m . The absolute magnitude in the R band reached -16. m 4. In new spectra of May 16 from the Keck I telescope, the star displayed a hot continuum with Balmer, He II and He I emission lines (Duggan et al. 2015) . H α remained asymmetric with the half-width FWHM ∼1200 km s −1 . It became clear that it was a new explosion of the impostor, and the events were developing according to the scenario of SN 2009ip (Mauerhan et al. 2013; Margutti et al. 2014; Graham et al. 2014; Pastorello et al. 2013 ). The observations continued by Campana et al. (2015) ; Vinko et al. (2015) and Richardson et al. (2015) confirmed the assumptions that the transient passed to the the Galaxy extinction in this direction is A V = 0. m 062 (NED). Before the 2015 event, three SNe of the rare Ib type exploded in the galaxy NGC 2770 during a short period of 10 years, that is why the galaxy was called "a factory of type Ib supernovae" (Thöne et al. 2015) . These are SNe 1999eh, 2007uy and 2008D. The latter one is interesting by the fact that it was related to an X-ray transient. Thöne et al. (2015) show in their Fig is distinguished by its excess of emission in the H α line. This is one of the brightest stars of the galaxy.
PHOTOMETRY
Photometry in the Johnson UBV and Cousins RI bands was taken with the focal reducer SCOR-PIO at the BTA (Afanasiev & Moiseev 2005) in the process of spectral observations. Additionally, CCD photometers were used at the 1-m telescope of SAO RAS, at the 70-cm telescope of SAI MSU in Moscow, at the 60-cm reflector and the 50-cm Maksutov meniscus telescope of the Crimean Observational Station of MSU, and at the 1-m and 60-cm telescopes of the Simeiz Observatory in Crimea. Our observations were performed in the period from February 24, 2015 to
May 30, 2016 with a break from June 16 to September 10, 2015, when the object was not observed due to conjunction with the Sun. The first images after the break suitable for measurement were obtained with the 1-m telescope of SAO RAS in the R C and I C filters on September 11, 2015, against the dawn background. The standard stars from Modjaz et al. (2009) The accuracy of measurements is given in Table 1 in brackets after each observation in units of the last significant digit. The Table comment contains information on telescopes and detectors used in observations. There are small systematic differences between sets of our observations obtained with different devices. These differences were determined from simultaneous measurements and compensated for corrections. After the conjunction with the Sun when the star brightness was faint, we were accumulating signal from the star during a long time, 1300 -6000 s, to achieve a high signal-to-noise ratio. The main factor of the errors during long accumulation was an inhomogeneous surrounding background of the galaxy, because the star is located in a spiral arm near a dark dust nebula. Fig. 1 ubv AB (Campana et al. 2015) , converted into the Vega UBV system). This fact is confirmed by spectral observations with the Keck telescope (Duggan et al. 2015) , when the hot continuum and the He II 4686 Å emission were observed. Taking into consideration the fact that at that time UBV bands were predominated by the hot continuum, and the contribution of emissions was small (it is expected to be <3%) we determined the color excess E(B − V) = 0. m 37 ±0. and in the secondary decay, in the time range between 176 to 374 days after the maximum. Table 2 contains main information on the spectra: date, and Julian date, time in days counted from the brightness maximum, full exposure in seconds, spectral range, spectral resolution, grism, heliocentric corrections to radial velocities, and signal-to-noise ratio in continuum in the middle of the spectral range. Naturally, the signal-to-noise ratio in the profiles of spectral lines is much higher.
The spectra were processed in OS Linux using the ESO MIDAS package and the LONG context (for the long-slit spectra). In the red wavelength range of λ > 6800 Å, the spectra are distorted by interference pattern (fringes). Since the signal-to-noise ratio in spectra obtained in November 2015
and later is too small (2-4), we smoothed them by the moving-average method with the averaging interval 3.5 -15 Å, which is equal to actual spectral resolution of each spectrum. To convert the spectra into energy units, we used spectrophotometric standards by Oke (1990) and simultaneous photometric observations. The spectra are available in digital form in Internet 10 . The moments of our spectral observations are plotted in the light curve ( Fig (This fact can be set if superimpose the profile with its mirror reflection, as was done, e.g., in the initial medium was formed by a bipolar wind which was outflowing at a big space angle. A part of this conic outflow directed to the observer absorbs the light of the optically thick shell, and the opposite part is seen in emission. Besides, these narrow components show that the primary circumstellar medium was expanding to considerably larger distances than photosphere of the ejected shell forming the P Cyg type profiles.
Strong Fe II lines are a typical feature of the SN 2015bh spectra at both phases, 2015a and 2015b. With these lines, the spectra resemble ones of Williams (2012) Fe II type classical novae more, than those of supernovae. Classical novae are cataclysmic or symbiotic systems comprising a far-evolved star (a white dwarf) and a normal companion (a red dwarf or a red giant) which is an accretion donor. The outburst of a nova is a thermonuclear runaway of a hydrogen envelope accumulated on the surface of a white dwarf due to accretion. Of course, the SN 2015bh explosion scale exceeds the scale of classical novae. Its luminosity at the phase 2015a exceeds the maximum luminosity of brightest classical novae 100 times, and at the phase 2015b does 1600 times.
The formal resemblance between spectra of novae and SN 2015bh demands a detailed study, be- At that, the half-width of the emission component remained identical to that at the phase 2015a, 940 km s −1 .
In June 13, 2015 spectrum in the SN phase, we observed a very wide emission extending to the blue side of the H β line to 18000 km/s with the maximum flux density at λ ∼4640 Å (it is marked as emis. in Fig. 4 below) . The red part of this emission is overlaid by the absorption component of the H β line. Unfortunately, the emission is seen only in one spectrum, and we have no observations in the H α line near the maximum brightness, so, it needs confirmation by independent observations. So far, the emission of so high-velocity outflow is the only available spectroscopic evidence that the event 2015b is a supernova. It is possible that in the spectrum of which are seen in all our spectra. As a rule, the lines He II and Fe II are not observed in spectra simultaneously because of difference between ionization potentials at which these lines form, and, naturally, one can see either ones or the others depending on temperature of the excitation source.
In a case of a radially symmetric outflow of material at the velocity of 18000 km s −1 , the absorbing and emitting envelope components moving with the velocities less than 4000 km s −1 would be swept out by this material, or the high-velocity gas would underwent a fast deceleration.
Nevertheless, a so unusual symbiosis of properties is observed in the spectrum. This symbiosis can be explained only by the axial asymmetry of outflow at the SN explosion. That is to say, the high-velocity gas was ejected along the polar axis whereas the slower outflow was occurring in equatorial directions. It is not excluded that in the equatorial plane there already was a dense gas disk which was formed at an earlier stage of evolution or at the phase 2015a and it prevented from distribution of high-velocity gas in the equatorial plane. For example, spectropolarimetry of SN 2009ip by Mauerhan et al. (2014) in the analogous phases 2012a and 2012b during its outburst in 2012 has shown that the outflows in these phases were strongly non-spherical, and the angles of polarization plane were orthogonal. In opinion by Mauerhan et al. (2014) , in the case of 2009ip, the ejecta generated at the explosion of 2012a, in the phase 2012b were colliding in the equatorial plane with a flattened (toroidal) structure. Evidences of bipolar ejections at LBV explosions are not rare (this is seen in the Balmer line profiles, e.g., by Barsukova et al. (2014a) , or in a bipolar structure of the "Homunculus" nebula around the galactic LBV-type star η Car). At the case of SN 2015bh, probably, there was a "shot" of high-velocity gas in the observer direction related with the phase 2015b, whereas an opposite ejection was overlapped by a body of a thick equatorial disk or a toroidal structure at a relatively small inclination angle between this structure and the line of sight.
The spectra of the object in the blue and green ranges obtained at the phase 2015b after it appeared from behind the Sun, i.e. at the secondary decay of brightness (176-374 days from the brightness maximum) are shown in Fig. 6 , and the total spectrum in day 209 -in Fig. 5 (bottom) .
In blue spectra, strengthening of the short-wave emission component in H β line profiles was seen, Changes in the H β profiles are shown in Fig. 7 . Note that the December 2015 spectrum was obtained with the low spectral resolution. In June 13, 2015 spectrum, the absorption component extended to the short-wave side from -400 to -4000 km s −1 . This velocity range in the profile was gradually filled with emission, and on March 10, 2016 we already see in the spectrum a strong emission with a peak at -1300 km s −1 . In the H α profiles shown in Fig. 8 , the similar effect is seen (except a profile with the absorption component of June 13, 2015; at that time the red-range spectrum was not obtained). In the May 30, 2016 spectrum, the continuum was already lower than the noise level, but the H α profile remained emissive and kept the double shape.
The identical behavior was described at late stages of light curve of the luminous red nova NGC 4490-OT2011 (Smith et al. 2016) . Some difference from the event 2015bh was a smaller range of the absorption component velocities, from 0 to -650 km s −1 , so, the blue emission wing of the H α profile was covered with the absorption only partly, and an emission hump was observed at -650 km s −1 . The maximum absorption depth in this profile, and then the maximum strength of emission were observed at the velocity of -280 km s −1 . These velocities are 4-5 times lower than those ones of SN 2015bh. Smith et al. (2016) give an entirely plausible explanation of such evolution of the profile: "a massive shell was ejected at these speeds and was initially seen in absorption, but as the underlying photosphere cooled (as indicated by the spectral evolution during the decline from peak) and as the optical depth dropped, the same dense shell is seen in H α emission. This likely indicates ongoing shock heating of this ejected shell". To explain transition from absorption to emission in 2015bh one should add a factor of fast expansion of the ejected shell (v r up to 4000 km s −1 ) causing it to become optically thin quickly. Smith et al. (2016) interpreted the event NGC 4490-OT2011 as a luminous red nova, the merger in a massive system. As a rule, the expanding envelopes of luminous red novae do not transit to the optically thin phase at all, and if they do, it turns out to be cold unionized and even molecular gas, as in the case of V4332 Sgr.
Note that the NGC 4490-OT2011 light curve had two maxima, and in the second outburst (with a cold-star spectrum) it achieved a record absolute magnitude -14. m At merging of cores of massive stars, a shock wave forms, and when it comes out on the surface, the first brightness maximum is observed (an example is LRN 2015/M 101, also a massive system studied by Goranskij et al. (2016) ).
DISCUSSION OF RESULTS
The relation between SNe impostors and LBVs is established quite reliably. Some SNe IIn are also obviously related with LBVs. Specific evidences of these relations were considered in deDraft version (2016) SN 2015bh in NGC 2770 13 tail by Tartaglia et al. (2016) and in studies cited there. However, only four impostors are known which eruptions led to appearance of SNe IIn. Besides the above-mentioned event 2009ip, these are 2010mc (Smith, Mauerhan & Prieto 2014) , 2011ht (Fraser et al. 2013) , and LSQ13zm (Tartaglia et al. 2016) . SN 2015bh demonstrates a certain similarity with these objects, but there are differences both in light curves and in spectra. The nature of LBV explosions, which lead to "detonation" of more large-scale explosions of SNe still remains unclear, although there are several hypotheses explaining this phenomenon.
(1) PPI -"pulsation pair instability", related to massive formation of electron-positron pairs in cores of massive hot stars, which results in a reduction of radiation pressure, a partial collapse of a star and a thermonuclear explosion. The thermonuclear explosion stops the collapse and gives rise to ejection of the envelope. In this case, the repeated outburst can be explained by interaction between ejecta and dense circumstellar medium (Woosley, Blinnikov & Heger 2007) . The detailed review of final stages of evolution and mechanisms of SNe in massive stars is given by Heger (2) Core collapse of a faint supernova and interaction of ejecta with a medium (Mauerhan et al. 2013 ).
(3) Repeated outbursts related with approaching of components at elliptical orbits with the interaction in a binary system, and a final outburst at the merger or direct collision (this hypothesis was considered for SN 2009ip, in which several outbursts of an impostor were observed before the SN explosion (Soker & Kashi 2013) ).
(4) Last explosion of LBV (a SN impostor) followed by the core collapse (SN IIn) (Tartaglia et al. 2016 ).
These hypotheses were considered in detail by (Tartaglia et al. 2016) . We think one more scenario is possible.
(5) Merger of components of a massive system with formation of a common envelope broken by the core collapse of one of stars being at a later evolutionary stage because of an excess of the critical mass (a failed luminous red nova in a massive binary system). In such a case, the process of the merger of stars does not need to end by merging of their cores, and then the SN explosion leads to a binary system containing an optical remnant of a companion (the accretion donor) + a compact component.
The scenario determines if a SN is a final stage of evolution of a massive star finished by a compact object, or it is a single event in an LBV history. This question is to be solved by observations of remnants of similar double explosions. Some events were discovered as SN IIn (e.g.,
LSQ13zm
), but then their relation with an impostor might be detected from archive data. Are all type IIn SNe related to previous LBV explosions? This question also requires special studies. Now let us consider how each hypothesis agrees with observations of SN 2015bh.
(1) The PPI hypothesis. Can the spectral similarities of SN 2015bh with classical Fe II type novae we found in this outburst be interpreted in favor of this hypothesis? Classical novae can be attributed based on their spectra to one of two types, He/N and Fe II, or they can be "hybrid" with transition from Fe II to He/N at an outburst. Williams (2012) explains this difference by the origin of gas ejected in the explosion. The He/N type novae have in their spectra very wide emission lines (a high velocity of ejection) of elements higher ionization degree with the rectangular profiles and almost always without absorption components. This means that the gas is ejected at a thermonuclear runaway just from the white dwarf. Spectra of Fe II type novae at the initial decay of light curve are characterized by numerous Fe II lines of low ionization degree which were excited by atomic collisions, though in the far red range there are lines of CNO elements which are excited at recombination and fluorescence scattering. Profiles of these lines are rounded, more narrow and often have P Cyg-type absorption features of optically thick expanding gas. The intensities of the Fe II emissions decrease relatively slowly as the brightness decreases, and occasionally increase again in the episodes of "secondary maxima" which happen during several months after the beginning of the outburst. In the brightness maximum and in secondary maxima at the decay of brightness the emitting gas is colder than in other phases. At the early decay of brightness, Fe II novae display narrow absorptions of heavy elements of the iron peak. This means that the spectrum forms in the gas shell with the element composition close to the solar one. Williams (2012) assumes that this gas arises from the secondary component, a normal star rather than from a white dwarf. Probably, it is not even mixed with the explosion ejecta, and saturated with heavy elements generated in the process of evolution of the secondary star. Hydrodynamic calculations show that the radiation and the material thrown off the white dwarf stimulate the secondary component to lose the mass through the Lagrange points L1 and L3, and the shock from the orbital motion and accretion disk forms a circumstellar shell. At the same time, it was established that hybrid novae The arguments against the PPI hypothesis are as follows:
(a) The PPI hypothesis does not suppose that there is a component in a binary system. However, from the observed spectrum of SN 2015bh it follows that the composition of elements in the ejected shell and stellar wind at the outburst is close to solar one or only slightly evolved. As in the classical Fe II type novae, this material can originate in accretion from the secondary companion. was absent in V838 Mon). The brightness decline by 1 m before the luminous red nova outburst was observed in the case of V1309 Sco. Barsukova et al. (2014b) explain this decline by the merger of star cores and a slow shock from the star center which leads to transfer of the envelope in the expansion mode in the regime close to the adiabatic one. The term "slow shock" was first used by Martini et al. (1999) to explain the phenomenon of luminous red nova for V4332 Sgr.
At the merger of star cores in the massive red novae NGC 4490-OT2011 (Smith et al. 2016) and LRN 2015/M 101 (Goranskij et al. 2016 ), a shock wave formed, and, after it came out to the surface, the envelope passed to the mode of adiabatic expansion, which is accompanied by a deep weakening of brightness before the secondary maximum. Up to now, no spectra were obtained for the stage of common envelope formation in a luminous red nova, and, most probably, they are not similar to those of classical type Fe II novae. Such a spectrum of SN 2015bh at the 2015a phase can be explained by accretion of hydrogen-rich material from the companion onto the evolved star (LBV) at the phase of a common envelope formation, development of thermonuclear burning in a layer and release of additional energy by the accretion. At a high luminosity exceeding the Eddington limit, the mass outflow occurs with the typical rate for classical novae in outburst. At the merger of stars, the angular momentum is carried off with the material through the Lagrange point L1, which results in formation of a disk surrounding the system. Formation of a thick disk around Draft version (2016) the massive star inside a common envelope can also be expected. In the moment when the critical mass was exceeded, the core collapse of evolved star occurred, and under such conditions, the explosion was asymmetric, with high-velocity gas outflow in the direction of axis of the inner disk.
In the specific case of SN 2015bh, we observe the luminosity decline at the end of the 2015a phase,
i.e. the slow shock already occurred, and the adiabatic expansion of envelope started. However, the core collapse stopped the adiabatic expansion of the envelope and interrupted the scenario of a luminous red nova. That is why the interrupted scenario can be called "a failed luminous red nova".
Propagation of the shock wave inside the common envelope and its coming out to the surface can explain the light curve at the 2015b phase with its high luminosity and a sharp peak in maximum, along with a high temperature at the 2015b outburst decay (in contrast to luminous red novae), and transition of the envelope to the optically thin state. The abundance of hydrogen in the spectrum of 2015bh, the origin of which can be in the envelope of the less evolved companion, can argue for hypothesis (5). This hypothesis predicts a remnant being a binary system with a relativistic component, if the collapse occurred earlier than the total merger of the cores. The SN 2015bh progenitor is a luminous blue variable star (LBV) with the strong emission Hα, one of the brightest stars of the galaxy NGC 2770.
We consider that the most probable hypothesis to explain the SN 2015bh event is a core collapse of a more massive far-evolved star in a binary system breaking its merging with a less massive companion (a failed luminous red nova in a massive binary system). Arguments for and against other hypotheses were also considered. The core collapse of a single massive star induced by the PPI event is also possible.
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